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摘 要 
钴基合金因具备良好的磁学性能、耐磨性、耐热性、耐腐蚀性和生物相容性，
而被广泛应用于燃汽轮机的叶片、导管、喷气发动机、火箭发动机，防腐合金和
永磁合金等。因为钴基合金的合金化元素的扩散行为与其相变及热处理工艺过程
均相关，因而需要对合金的扩散动力学进行实验分析与理论计算。然而，目前钴
基合金体系的扩散实验数据很有限，钴基合金扩散动力学数据库并不完善。因此，
本研究采用扩散偶法，测定了部分钴基的二元及三元系合金在 fcc 相中的互扩散
系数，并基于文献报道的相关热力学及动力学参数和本研究的实验数据，利用
DICTRA 软件优化和计算得到动力学参数。本研究的主要内容如下： 
(1) 本研究制备了一系列 Co-X(X=Ga、V、Ti) 二元系合金中 fcc 单相的扩散
偶，利用 EPMA 测定了各扩散偶的浓度-距离曲线，用 Den Broeder 方法计算了
各元素在 1273-1573 K 温度范围内的互扩散系数。并基于本研究的实验数据和文
献报道的热力学参数，利用 DICTRA 软件，对 Co-Ga 和 Co-V 二元体系中 fcc 相
的动力学参数进行了优化与计算，根据优化得到的动力学参数计算各个扩散偶的
浓度-距离曲线，计算结果和实验数据取得了良好的一致性，从而验证了该原子
迁移率参数的合理性。 
(3) 本研究制备了一系列 1100℃ 或 1200℃ 温度下 Co-Cr-V、Co-Ni-V 和
Co-Cr-Cu 各三元系合金在 fcc 相的扩散偶，利用 EPMA 测定了各扩散偶的浓度-
距离曲线，通过 Whittle 和 Green 方法计算了上述体系中各元素在 fcc 相的互扩
散系数，并基于本研究实验信息和文献报道的相关子二元系的动力学参数及三元
热力学参数，利用 DICTRA 软件，对 Co-Cr-V 和 Co-Ni-V 三元系中 fcc 相的原子
迁移率参数进行了优化与计算，并根据优化得到的原子迁移率参数计算了上述两
个三元合金系扩散偶的浓度-距离曲线和扩散路径，计算结果与实验值取得了较
好的一致性，从而验证了该原子迁移率参数的准确性和有效性。 
 
关键词：钴基合金；DICTRA 软件；扩散偶；扩散系数；动力学参数 
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Abstract 
The cobalt-based alloys exhibit excellent magnetic properties, wear resistance, 
heat resistance, corrosion resistance and biocompatibility. which leads to their wide 
applications in the vane and conduit of gas turbine、jet engine、rocket motor、anti-
corrosion alloy and permanent magnetic alloy, etc. Because a lot heat treatment 
processes and phase change of cobalt-based alloys are closely connected to the diffusion 
behavior of alloy elements, it is essential to research the diffusion of materials with 
experiments and theoretical calculation. However, there are very little experimental 
data, diffusional kinetic database of cobalt-based alloys is not complete now. Therefore, 
in this work, interdiffusion coefficients of part of fcc cobalt-based binary systems and 
ternary systems were measured experimentally by means of diffusion couples. Based 
on the experimental data determined in this work as well as the thermodynamic 
information and atomic mobilities in the literatures, the mobility parameters were 
assessed by using the DICTRA software. The main content of this research are as 
follows: 
(1) The diffusion couples of the fcc Co-X(X=Ga、V、Ti) binary systems were 
prepared in this work, then the concentration-distance curve of each diffusion couple 
was determined using the EPMA technology. After that the interdiffusion coefficients 
of the fcc Co-Ga and Co-V binary systems were calculated in the temperature range of 
1273-1573 K by Den Broeder method. Based on the experimental data determined in 
the present work as well as the thermodynamic information and atomic mobilities in 
the literatures of the two binary systems, the mobility parameters of fcc phase Co-Ga 
and Co-V systems were assessed by using the DICTRA software. And the 
concentration-distance curve of each diffusion couple was calculated with the mobility 
parameters obtained, and a good agreement is received from comprehensive 
comparison between the calculated results and the experimental ones, which further 
verify the veracity of the mobility parameters. 
(2) The diffusion couples of the fcc Co-Cr-V、Co-Ni-V and Co-Cr-Cu ternary 
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systems at the temperature of 1373 K or 1473 K were prepared in this work, then the 
concentration-distance curve of each diffusion couple was determined using the EPMA 
technology.the diffusion coefficients of these ternary systems were calculated by 
Whittle and Green method. And based on the experimental data in this work as well as 
the thermodynamic information and atomic mobility parameters of the related binary 
systems in the literature, the mobility parameters of the fcc Co-Cr-V and Co-Ni-V 
ternary systems were assessed by DICTRA.  And the concentration-distance curve 
and diffusion path of each diffusion couple were calculated. The calculation results are 
well consistent with the experimental data, which further verify the accuracy and 
validity of the mobility parameters. 
 
Keywords: Cobalt-based alloys; DICTRA; Diffusion couple; Diffusion coefficient; 
mobility parameter 
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第一章 绪论 
Co 基合金因具备优异的磁学性能、耐磨性、耐蚀性、耐高温性能及生物相
容性而被广泛应用于磁性材料、耐磨材料、耐蚀材料、高温合金及生物医学材料
等[1-3]。决定 Co 基合金性能的主要因素包括其成分和组织。因此常常通过添加各
种合金化元素和不断改良热处理工艺来提高 Co 基合金的使用及加工性能，从而
制备出满足实际需求的、性能优异的 Co 基合金。目前 Co 基合金的研究主要还
是基于经验法和尝试法，即传统的“试错法”或“炒菜式”的开发模式，不但耗
时耗力，而且常常无法得到预期的结果。因此材料设计理念应运而生。现今以材
料热力学与动力学计算模拟相结合的现代材料设计技术，已经颠覆了传统以经验
主义为主导的设计方法，大大降低了实验工作量，缩短了经费支出及开发周期。
近几十年来，计算材料学发展日渐成熟，许多研究者借助高效的计算机软件，结
合实验数据，利用第一性原理、CALPHAD 及相场模拟等计算方法来构建材料数
据库。研究者们可基于数据库，对材料进行优化设计，达到加速材料研发进程的
目的。目前对于合金的热力学已有较为深入和全面的研究，构建的热力学数据库
的可靠性也得到了实践验证。而相对的动力学数据库信息较为匮乏。因此对 Co
基合金开展扩散动力学的实验和计算研究是一项具有重要理论价值和实际意义
的研究工作。 
1.1 Co 合金的主要性能特点及应用现状 
1.1.1 Co 基磁性材料 
通常磁性材料是指由过渡元素铁、钴、镍及其合金等能够直接或间接产生磁
性的材料，按磁化后去磁的难易可分为软磁材料和硬磁材料。硬磁材料,又被叫
做永磁材料,是发现和应用最早的磁性材料。我国四大发明之一的指南针便是利
用天然的永磁材料——磁铁矿制成的。一般常用的永磁材料拥有较高的最大磁能
积、矫顽力、剩余磁通密度和稳定性，主要分为三类，即合金、铁氧体和金属间
化合物。另一方面，软磁材料大体上被分为四大类，分别是合金薄带或薄片、非
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